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Localization of urinary procoagulant in the human kidney. By
the indirect immunofluorescent and immunoenzyrnatic tech-
niques with monospecific antiserum against urinary procoagulant(a tissue factor which accelerates blood coagulation), we found
the urinary procoagulant in the kidney distributed to the loop of
Henle and distal convoluted tubules. In these areas urinary pro-
coagulant was found in association with the luminal and inter-
cellular borders as well as in the cytoplasm of epithelial cells.
Both the descending and ascending limbs of Henle were equally
stained. The cytoplasmic staining was patchy in distribution
among cells of distal tubules and was predominantly localized in
the supranuclear areas. Glomeruli, the proximal tubular cells,
the vascular wall, and the interstitium were not stained. There
was, however, fluorescent staining along the epithelial layers of
the Bowman's capsule, which was observed only in the frozen
sections. Casts in the distal tubules were also positively stained.
These findings suggest that urinary procoagulant is synthesized
in the epithelial cells of these particular parts of nephron and is
secreted into urine, although its physiologic roles and pathologic
significance are not entirely known.
Localisation d'un procoagulant urinaire dans le rein humain.
Au moyen de l'immunofluorescence indirecte et de techniques
immunoenzymatiques utilisant un antiserum monospecifique
contre un procoagulant (un facteur tissulaire qui accélère la co-
agulation du sang), nous avons constaté que ce facteur est local-
isé a l'anse de Henle et au tube distal. Dans ces segments le
procoagulant est localisd aux bordures luminales et inter-
cellulaires et dans le cytoplasme des cellules épithéliales. Les
branches descendante et ascendante de l'anse sont également
colorees. La coloration cytoplasmique est de distribution irré-
gulière dans les cellules du tube distal et sa localisation prCdomi-
nante est Ia region supranucleaire. Les glomerules, les cellules
tubulaires proximales des parois vasculaires, et l'interstitium ne
sont pas colorés. Une fluorescence est cependant observée le
long des couches épithéliales de Ia capsule de Bowman sur les
coupes congelees. Les cylindres des tubes distaux sont aussi col-
ores. Ces constatations suggèrent que le procoagulant urinaire
est synthétise dans les cellules épithéliales de ces segments du
néphron, puis est sécrété dans l'urine. Le role physiologique et
Ia signification pathologique de cette substance ne sont pas con-
nus.
A substance which accelerates blood coagulation
is normally excreted into urine of man and animals
[1-9]. Excretion of this substance into urine has
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been shown to decrease in various kidney diseases
[6—9].
We recently purified this procoagulant (urinary
procoagulant, UP) from human urine [10]. The puri-
fied UP was found to be a glycoprotein and to exist
as molecular macroaggregates with a molecular
weight exceeding 2 x lO daltons, based on its ex-
clusion profile on Sepharose 4B [10]. When the pu-
rified UP was denatured by heating at 95° C for 30
mm in the presence of 7% sodium dodecylsulfate
(SDS), some of the molecular aggregates were dis-
sociated and migrated in SDS gel electrophoresis as
a band with a molecular weight of 151,000 daltons.
When the purified UP was denatured in the same
way but in the presence of a reducing agent (dith-
iothreitol), the molecule was further dissociated in-
to two molecular species with molecular weights of
76,000 and 68,000 daltons, indicating that the mini-
mal molecular unit of UP consists of two subunits
held together by disulfide bonds. UP accelerated
the conversion of prothrombin to thrombin in the
presence of blood coagulation factors V, VII, X,
and calcium ions. That UP requires the presence of
factor VII for exerting its procoagulant activity sug-
gests that UP may be categorized as a tissue factor
(tissue thromboplastin), at least in terms of func-
tional entity, although its estimated molecular
weight of 151,000 daltons is apparently different
from reported values for established tissue factors
as 52,000 for human [Il], 56,000 for bovine [12],and
80,000 daltons for canine [13] brain tissue factors.
The exact origin of this urinary glycoprotein (UP)
has not been elucidated, although the observation
that excretion of this substance into urine decreases
in kidney diseases [6—9] suggests its origin in the
kidney. In the present study, we attempted to local-
ize human UP in the kidney by the immuno-
fluorescent as well as immunoenzymatic techniques
using the monospecific antiserum against human
UP.
Methods
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Purification of UP and the preparation of anti-
human UP rabbit antiserum were described in detail
elsewhere [10]. The antiserum were prepared in rab-
bits by repeated inoculation of purified UP emulsi-
fied with Freund's complete adjuvant. The animals
were bled 4 months after the first injection of anti-
gen, and antiserum was harvested. The antiserum
was absorbed with purified Tamm-Horsfall muco-
protein, human serum, and concentrated nonactive
protein fractions of the final chromatography in the
purification procedure [10]. The antiserum thus ab-
sorbed formed a single precipitation line against pu-
rified UP, concentrated human urine (obtained from
five healthy males, combined, dialyzed against dis-
tilled water, and concentrated to 1/20 volume), as
well as a mixture of purified UP and concentrated
urine when examined by immunoelectroosmophor-
esis [14] (Fig. 1). No precipitation lines were ob-
served between the antiserum and Tamm-Horsfall
mucoprotein or human serum (Fig. 1). When the
antiserum was absorbed further with a purified UP
fraction, the ability to form a precipitation line
against concentrated urine was completely abol-
ished (Fig. 1, wells at the bottom). To obtain sharp
precipitation lines, samples containing UP had to
be sonicated immediately before immunoelectroos-
mophoresis to sufficiently disperse UP which exists
as molecular aggregates [10]. A conventional dou-
ble immunodiffusion method failed to show any pre-
cipitation lines between the antiserum and purified
UP or concentrated urine, because UP existing
as molecular aggregates can not simply diffuse out
into agarose gels. The antiserum and its IgG frac-
tion prepared by DEAE-cellulose chromatography
[15] effectively inhibited the procoagulant activity
of purified UP and human urine upon incubation.
Thus, it appears that the antiserum is immunolog-
ically as well as functionally directed solely against
UP. Upon use the antiserum was diluted 5-fold to
10-fold with phosphate-buffered saline (0.0175 M
phosphate buffer containing 0.137 M saline; pH,
7.2) (PBS).
Antirabbit IgG goat y-globulin was labeled with
fluorescein isothiocyanate (FITC) according to
Riggs et al [16] and purified by the method of
McDevitt et al [17]. Fractions with a molecular fluo-
rescein-to-protein ratio of 1.0 to 1.5 were collected
and combined. Protein concentration was deter-
mined by the Kjeldahl method [18]. The combined
fractions were then concentrated to I mg of protein
per milliliter, divided into small aliquots (0.5 to 1.0
ml), and stored at —70° C until used. Upon use an
Fig. 1. Immunoelectroosmophoresis performed A with an anti-
human UP antiserum or B with an inactivated antiserum by ab-
sorption with purified UP. Antisera were placed in wells on the
left (As), and antigens were placed in wells on the right (Ag).
Numbers denote antigens—Antigens 1, concentrated (x20) hu-
man urine; 2, purified UP (A280 = 3.26); 3, 1:1 (vlv) mixture of
concentrated human urine and purified UP; 4, Tamm-Horsfall
mucoprotein (A280 = 2.33); 5, human serum—on a 0.8% agarose-
gel plate at a constant current of 3 mA per centimeter width for
30 mm. Note single precipitation lines between the antihuman
UP antiserum (A) and samples containing UP (1, 2, and 3) and
disappearance of the precipitation line against concentrated
urine after absorption of the antiserum with purified UP (be-
tween B and 1).
aliquot was thawed and diluted 10-fold to 20-fold
with PBS.
Horseraddish peroxidase-conjugated antirabbit
IgG goat y-globulin was prepared according to the
As Ag
air
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method of Nakane and Kawaoi [19]. The enzyme-
labeled fractions were collected, combined, and
concentrated to 1 mg of protein per milliliter. Bo-
vine albumin was added to the fraction to give 1%
(weight per volume) and stored at 4° C. Upon use
the fraction was diluted 10-fold to 30-fold with PBS.
Kidney specimens were obtained from surgical
resections. Of these specimens, portions preserving
normal structures were selected for the study. Kid-
ney tissue blocks were divided into two portions;
one was embedded in ' compound (Lab-Tek
1 cutting temperature
Products, Division of Miles Laboratories, Illinois),
quick-frozen in acetone-Dry Ice, sectioned at 4 to 6
m with a cryostat and fixed with 100% acetone for
30 mm at 4° C, and the other was fixed with 2%
paraformaldehyde containing picric acid (Zam-
boni's solution) [20], embedded in paraffin wax, and
sectioned at 2 to 3 .tm.
These sections were stained by the indirect im-
munohistochemical methods [21] using antihuman
UP rabbit antiserum as the first layer and FITC- or
peroxidase-conjugated antirabbit lgG goat y-globu-
un as the second layer. For the immunofluorescent
study, tissue sections were incubated at 37° C with
Fig. 2. Immunofluorescence study showing the localization of UP in human kidney sections. A Fluorescence is found to occur in the
epithelial cells of distal convoluted tubules and along the epithelial layer of Bowman's capsule. The glomerulus was not stained (frozen
section; magnification, x80). B Section showing fluorescent staining in the epithelial cells of both the descending and ascending limbs of
Henle. Staining is localized more prominently on the luminal surface of the tubular cells (paraffin-embedded section; magnification, x80).
C Specific fluorescence is present along the luminal and intercellular borders as well as in the cytoplasms of some epithelial cells of the
distal convoluted tubule. The cytoplasmic staining is not uniform and its distribution is patchy (paraffin-embedded section; magnifica-
tion, x200). D Cytoplasmic staining of epithelial cells of a distal tubule. Note a prominent staining in the supranuclear area (paraffin-
embedded section; magnification, x200).
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prepared, we localized UP in human kidney sec-
tions mainly to the epithelial cells of the loop of
Henle and distal convoluted tubules. In these areas,
UP was found in association with the plasma mem-
brane and within the cytoplasm of cells, the latter
being patchy in distribution among cells of individ-
ual tubules and more prominent in their supra-
nuclear areas. The Bowman's capsule was stained
by the immunofluorescent method only in frozen
sections. No other parts of the kidney tissue includ-
ing the glomerular capillaries, proximal tubules,
vascular wall, and interstitium were stained.
These findings, together with protrusion of
stained cytoplasm into the luminal space of the tu-
bules and staining of casts, suggest that UP is syn-
thesized and localized in these epithelial cells of the
tubules and actively secreted into urine. Since the
fluorescence associated with the Bowman's capsule
was observed only in frozen but not in paraffin-em-
bedded sections, the antigenicity in this particular
part might have been altered or lost during the pro-
cedure of paraformaldehyde-fixation, embedding in
paraffin, and deparaffinization. It may also imply
that most of the stained material is lying free on the
luminal surface of Bowman's epithelial layer rather
than being an integral part of the cells.
To be noted is a negative staining associated with
the vascular wall, in particular, in the intima, where
the vascular tissue factor has been shown to reside
most prominently [23-25]. On the basis of its activa-
tion of prothrombin to thrombin via the extrinsic
pathway of blood coagulation, we suggested that
UP is a tissue factor [10], although the estimated
minimal molecular weight of 151,000 daltons for UP
is apparently different from the reported molecular
weight estimates of 52,000 for human [11], 56,000
for bovine [12], and 80,000 daltons for canine [13]
brain tissue factors. Zeldis et al [24] and Zacharski
and McIntyre [26] observed that tissue factors (tis-
sue thromboplastins) were distributed in a wide va-
riety of tissues and organs, and that they were al-
ways found to be associated with the plasma mem-
brane of cells, but not in their cytoplasm. Thus,
they concluded that the tissue factor functions on
the plasma membrane as a procoagulant upon con-
tact with blood. This does not, however, necessari-
ly hold true with UP. UP is certainly found to be
membrane-associated but it was located in the cyto-
plasm of epithelial cells as well. We did not test
antisera directly for comparison against other estab-
lished tissue factors in our study. Therefore, we
can't make any conclusive remarks on the similarity
or dissimilarity between UP and other tissue fac-
tors. Nevertheless, it appears that UP is antigeni-
cally nonidentical at least with the vascular tissue
factor, because no fluorescent staining was found in
association with the vascular intima in any parts of
the kidney sections.
Normal urine contains considerable amounts of
mucoproteins, a major protein of which is known
as Tamm-Horsfall mucoprotein (T-H) [27, 28].
Schenk, Schwartz, and Lewis [29] investigated the
distribution of this protein in various mammalian
kidney tissues, including those of human, by the im-
munofluorescent technique. They reported that flu-
orescent staining in all species was present both in
the cytoplasm and along the luminal surface of the
tubular epithelial cells of the ascending limb of
Henle and macula densa segment of the distal con-
voluted tubules. The cytoplasmic staining of the
tubular cells was found to be always uniform and
equally prominent in the infranuclear and supra-
nuclear areas. Localization in the human kidney tis-
sues of UP along the luminal surface of the tubular
epithelial cells resembles that of T-H reported by
Schenk et al [29]. But there is a distinct disparity in
the localization within the cytoplasm between these
two proteins. In contrast to the uniform cyto-
plasmic staining of T-H, the staining of UP was
found mainly localized to the supranuclear areas of
epithelial cells. Moreover, UP was clearly shown to
be present in the descending limb of Henle as well,
whereas T-H was found to be absent in this part of
nephron.
Since the antiserum against UP was sufficiently
absorbed with T-H and serum proteins and was
confirmed to be monospecific (Fig. 1), the sub-
stance we localized in the human kidney could be
neither T-H nor serum proteins. Furthermore, two
sets of control studies where the specific antiserum
was replaced with normal rabbit serum or with the
specific antiserum absorbed with purified UP, did
not show positive stainings at all (pictures not
shown). These results indicate that the substance
reactive with the antiserum in our experiment rep-
resents UP.
Whether UP primarily participates in hemostasis
by initiating the blood coagulation upon contact
with blood or whether it is endowed also with any
other biologic roles and functions in the particular
areas of the kidney are not entirely known. Bjcrklid
et al [30] reported a marked difference in distribu-
tion of tissue factors among various parts of human
brain without any correlation to the vascularization.
Since, phylogenetically, old parts of the brain were
shown to contain more potent activities, they sug-
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gested that the tissue factor is a primitive protein
and may have a special function in the brain apart
from initiating the blood coagulation. This may also
be the case with UP.
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